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ABSTRACT
In the present investigation, the correlation and regression technique has been

adopted to monitor the pollution load parameters of the water body under study. The
correlation coefficients among different water quality parameters of ground water, polluted
water of Ganda Nalla and Western Yamuna Canal such as pH, EC, TS, TDS, TSS, Na+, K+,
Cl, PO3

4
  were determined. The Pulp and Paper Mill, Haryana Distillery, Saraswati Sugar

Mill  of Yamunanagar and metal industries of Jagadhari are polluting the WYC. The water
samples were collected from three sites and analysed for the above said parameters. In order
to assess the effect of this waste water on agriculture, the irrigation indices were calculated
from observed physico-chemical parameters. These include TDS, Sodium percentage, Sodium
absorption ratio, Soluble sodium percentage, Residual sodium carbonates, Mg/Ca ratio and
Kelley’s ratio.

Key Words : Correlation and Regression technique, Statistical analysis of water,
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INTRODUCTION
Environmental pollution is the global

concern of the day. Exploration of natural
resources for achieving high yield and rapid
industrialization to meet ever increasing
demands of rapidly increasing population, has
led to increased disposal of pollutants into the
surrounding environment, polluting it severely.
Pulp and paper mill, categorized as one of the
twelve most polluting industries in India,
releases environmentally hazardous1 liquid

effluents containing several toxic and non-
biodegradable organic materials .

Distillery effluent, also known as spent
wash, is hot, highly acidic, and contains high
percentage of organic and inorganic matter2,
both in suspended and dissolved form.

Some researchers reported in their
review 3,4 on physico-chemical quality of water
in industrial areas of India that the concentration
of some physico-chemical parameters, like
colour, hardness, COD, BOD, chloride,
fluoride, calcium, nitrate, were much higher
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than the permissible limits of WHO and ISI
drinking water standards. The task of
monitoring the quality of water is facilitated if
one can find some correlations among these
numerous parameters. When such correlation
do exist, then by measuring a few important
parameters one can easily calculate the
remaining parameters and the quality of water
can be easily and quickly assessed.The water
quality is normally characterized by different
physico-chemical characteristics. These
parameters change widely due to the type of
pollution, seasonal fluctuation, water extraction,
etc. Hence a continuous monitoring on water
becomes mandatory in order to minimize the
water pollution and have control on the pollution
causing agents.

Some researchers identified that the
electrical conductivity(EC) finds higher level
correlation significance with many of the water
quality parameters, like total dissolved solids,
chlorides, etc.5 It was identified that all the
parameters are more or less correlated with
others in the correlation and regression study
of the physio-chemical parameters of water6.
Some researchers identified that the water
quality of water can  be predicted  with
sufficient accuracy just by the measurement
of EC alone7. This provides a mean for easier
and faster monitoring of water quality in a
location. It was concluded that the correlation
study and correlation coefficient values can help
in selecting treatment to minimize contaminants
in water8. The statistical equations could be
used effectively for predicting water quality by
making observation on electrical conductivity
alone or any one of the other parameters.
Literature review shows that such type of work
was earlier carried out by different  groups of
workers9-17.

MATERIAL AND METHODS
The water samples were collected from

three sites at monthly intervals from September
to November. The waste water of second site

is being used for irrigation by the farmers, while
the third site is located 0.2 km ahead of the
mixing point of Jagadhari-Yamunanagar
Ganda-Nala with WYC. All the three sampling
sites have been shown in the project map. The
Samples were processed and analyzed for
various physico-chemical parameters, namely
pH EC,TS,TDS, TSS, Na+, K+, Ca++, Mg++, Cl–
PO3

4
 , BODand COD. The determination was

carried out according to APHA18,19, standard
methods for examination of water and waste
water.

The data obtained after chemical
analysis was statistically analysed. The pH, EC,
TDS and of the collected samples were
determined on the spot, while rest of the water
quality parameters were determined with in 48
hours of sampling. To test the statistical
significance of the analysed parameters, the
correlations study was carried out to find out
the interrelationship among various physico-
chemical parameters.

RESULTS AND DISCUSSION
Result of analysis of physico-chemical

parameters of water of these sites are presented
in Table 1. The values of pH of water of Site
I, Site II and Site III .These values indicate
that distillery and sugar mill effluents are slightly
acidic while tube well water sample is slightly
alkaline. The values of pH for all these water
are within the permissible limit prescribed by
BIS for discharge of industrial effluent. The
average values of EC for the water of all the
three sites indicate that all these waters are
highly polluted and contain a number of
dissolved ionic substances which are to be
removed. The high EC of irrigation water may
lead to accumulation of salts in the soil which
may inhibit the availability of nutrients to the
crop20 and may have harmful effects of many
crops. Similar results have been reported by
otherresearchers21,22.

 The high values of TS, TDS and TSS
for the water of site II indicate that water being
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Parameter Minimum Maximum Average Status for irrigation

SAR 23.612 27.686 26.993 

     0-10=Excellent 
    10-18=Good 
    18-18=Fair 
    >28=Poor 

SSP 46.019 70.98 60.1 <50 

KR 0.351 0.975 0.639 <1 

MR 31.549 55.392 43.31 <50 

Table 2 :  Minimum, maximum and average values of SAR, SP, KR,
MR of waster water at site IInd and   status for irrigation

  Table 1 : Physico-chemical parameters of waste water at three sites

Parameter Site I Site II Site 
III 

pH 7.4 5.1 5.2 

EC 975.3 5158.4 4973 
TS 1048.6 22248.9 1231 

TDS 638.5 15386.73 752 
TSS 368.4 7174.1 466 
Na+ 24.2 564.9 58.1 
K+ 42.5 832.2 35.3 

Ca2+ 5.21 508.2 44.9 
Mg2+ 6.6 380.1 25.3 
Cl  832.1 1564.3 64.6 

3
4PO   284.9 14672.2 25.4 

BOD 308.1 9764.1 278.6 
COD 784.3 14568.3 558.8 

 

used for irrigation is unsafe. There are reports
that infiltration rates decrease with increased
of TS. The high TSS can cause decrease in
soil porosity due to salt deposition. The TSS in
waste water is the principal clogging agent of
soil23. Due to high concentration of solids in
this water the germinating seeds may get low
oxygen in dissolved from. This reduces the
energy supply to the seeds, resulting into

decreased growth and development on
seedlings24

.
The data indicate that the values of Na+,

K+, Ca2+, and Mg2+ ions for water of site second
is highest and well above the values prescribed
by BIS. Hence out of these waters, the water
of site second most seriously affects the
surrounding ecosystems.
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Excess Mg2++ affects the physical
characteristics of soil25. It has phototoxic affect
on crops after irrigation. The values of Cl– and
PO3

4
  ions for these waters clearly indicate that

among these waters the water at second site
has highest values for Cl– and PO3

4
  ions. These

high values will increase the hardness of
surrounding water bodies and cause
eutrophication. The high Cl– ion concentration
has adverse effect on irrigated soil properties
by causing decrease in soil porosity, moisture
percentage and soil permeability and also leads
to accumulation of high Cl– content in the
soil..The data indicate that highest value of
BOD and COD for water of site second will
most seriously pollute the surrounding water
bodies. The high values of second BOD and
COD of site II may cause harm to soil. These
results indicate that the waste water has high
organic matter (as indicated by BOD and COD)
and rich in electrolyte concentration, which is
quite high. It may cause harm to soil hydraulic
properties in the long run26. Waste water
irrigation may increase the organic carbon,
phosphate but decrease water holding capacity
in soil after prolonged waste water irrigation27.

The values of SAR, SSP, KR and MR
were computed in order to assess the impact
of this water on irrigation. The values of SAR,
SSP, KR and MR are given in the Table II.
Kelley pointed out the importance of considering
the concentration of Na+ ions in assessing the
suitability of water for irrigation. According to
him, excess of Na+ ions in irrigation water reacts
with soil to reduce its permeability as a result
of clogging of particles. High values for SAR
imply a hazard of Na+ ions which replace
absorbed Ca2+ ions and Mg2+ ions and leads to
a situation which ultimately damages the soil
structure. Irrigation waters are classified by
Richards based on SAR given in table II. It is
clear from the values of SAR (SAR=27.0) that
water at site second is only fair, while water at
site first and third is good for irrigation. From
the values of SSP for these waste water given
in Table II it is clear that waste water at site
second is not suitable for irrigation while waste

water at site first and site third are suitable for
irrigation. The values of KR and MR waters
indicate that all these waters are suitable for
irrigation. Thus, it is concluded that water at
site II is suitable for irrigation only after
treatment while of remaining two sites can be
used for irrigation with out any treatment.

The correlation coefficients among all
the physico-chemical parameters of the waters
of all the three sites were calculated using
following equation

     r = 
n XY –  X Y

n X – X Y Y2 2 2 2

  

   { ( ) – ( – ( })
1
2

The values of these correlation
coefficients are shown in the table III, VI and
V for sites I, II and IIIrd respectively. From
these results it is clear that EC and TDS have
strong positive correlation with most of other
parameters. Hence by determing the values of
either EC or TDS the values of other
parameters can be easily calculated by applying
the equation            Y = AX + B

Where X and Y are two parameters and
A and B are two constants. The values of A
and B can be calculated with the help of fol-
lowing equations

      

Thus with the help of this technique, the
water quality, parameters of all the three sites
can be found out quickly. In this way this study
helps in monitoring the pollution load of all the
three sites.

CONCLUSION
From the present study it is clear that

out of these three water sites, the site second
is the most polluting in terms of high values of
TS, TSS, TDS, BOD and COD. This site is
rich in distillery effluent. The distillery effluent
most seriously affects the surrounding
vegetation and aquatic life. This is most acidic
and so, it will kill the aquatic organisms. The
dark colour with heavy load of suspended
particles of this water blocks the penetration
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of sun-light and natural aeration affecting flora
and fauna. But it is clear from our results that
the distillery effluent has not been properly
treated. In the biocomposting plant of the
Haryana distillery, the effluent after dilution is
stabilized in the ponds without any chemical
treatment before merging it into WYC. It is
suggested that this waste water may be
subjected to desired chemical treatment besides
the physical treatment at present.

From the experimentally observed and
the permissible values of the irrigation
parameters it is clear that the water at site first,
which consists of ground water as well as the
water at site third, which consists of all the
industrial effluents and domestic sewage in
diluted form, can be used for irrigation without
any further treatment but waste water at site
second requires further treatment before its use.
Hence there is an urgent need of proper
monitoring and managing the water quality of
ground water and WYC along this industrial
zone.
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